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TRANSFERABILITYIGF CDMPUTEREBASEb'LEARNINE MATERIALS | ‘
| Alfred Bork | h
Phy%icq Computer, Development PFQJLGL _
University of California - ’ - 1
Irvine, G;lifarnia 92717 v \
: : \
- theggé, 1977 : N - ' EO
; ‘Anfimp@rtant-iséﬁe for develapérs of cémpute:sbgggd ;éaining
‘ materials is the ole of tfansférability tomsthﬂr-lacéfiéns beyond
. i the campus or 1DG¢tan at whlch the initial matérial'was developed.
Much discussion ggés on 1baut this prablem, ini@rmaliy and in the
‘J . 1literature, but much of this discussign app%afsta bé based on very
simpiistié SélutiGﬁS, ngQ§ ﬁc'n@t egaminé the iuil rangeléf pr@b%r: N
lems associated withiti%nsfefgbilit§_  The préSEﬂt paper takes a \f
broad viewpoint with’feégfd té-such transfﬁfabilitv, delineating \
some of the fégt@féxwhi;h aré-gftén Sﬁerlaked.because only a pi3g§‘  \}
of theftatai éfcbleﬁ=is béing;ccnside?ed. . R o ; | -&
) " Two Dicha%gﬁies- ’ e o _ _ o o
T 4 Thls dlscuSSlan of, transferablllty A baséﬁ on the two seéafatE'

‘dighotomiesj 1mpartant in getting a campjehensive view of the per*

’ lems and prospects for transf@rablllty of computer- based 1earn1ng

’f”matérials |
| The flrst dlgtlnttlan I %&sh to syress is that. of a short- range
versus a 1ongrrange point af!view.: Tfat is, are welcQQSderlng
immediately transferrlﬂg materials w’thin, say, the Qurrent academlc :
-year or are we dlSGUbSlng a more’ 1o,gﬁrange prESp%ct the eventg&l
widespread use of the mater1115 deyeloped in a partlcular lDCatiaﬂ?,

_over a per;ad of many years? Although I am treating this distinction
between immediate and future tr sfer as a dichotomy, it clearly,
: e e - / \ o

IR . . ; .
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as with all such artificial dichatumiﬂq, ls a Qqﬁtinuum It will;

be cgnvenient nevertheless to make thiq svpnrdtiaq VLK
A seccﬂd 1mpgrt4nt dlstiﬂgtlan t; be made concerning trnn%fers
ablility is. that prweLn th;\cumputer re1¢ted_4%ﬁﬁct5 and lhDhE \—
aspects as%@uiatvd with inncvative learning and tegching technlquEﬁx
The fitst aspect is conc rned with thQ téchnirql pTleemq of getting

running on éy%Lems Y Z, ind Q aftér having bgen c
i

" The %econd a%péct c@ncarns the problems S

'

the materinl

dGVElngd on syatﬁm X.

4

facing any dcvelapm;nt Df new learning and teachlng materiaks when

et

thase matellals 1rﬁ %pread béy@ﬂd the 1nst1tuti@ng in which they !

are 1n1t1a11yadeveloped! S@lv;ﬂg the,iirgt problem by no means,

furnlshes a SDlUtan tm the &e;oad prablem ”Thus, it-is?auite pDSa

\ .
Elble that the matczlala may. be made to run sugcessiully on a parhg-

tlcular qgmputer gystém but that no faculty mambers at that: 1nst1tut1@n
vwill make aﬂy use of the rmaterial, ‘
‘ an ?er aps best

These two dimensions are lndapgndent );Wé

Tcllcws

L4

ﬁgmpgtef aspects

2 . S - .
_As the diagfam idﬁicatég even with this rathef simple-minded

pa ir ‘of dethDmlES we have fuur-separate sets @f prgbiems Jto

dlscuss, Prcblem A invglves short-range ccmputer aspects Prcblém B
&

iﬁvelvesvshart—raﬁge innovative teaching aspectis, Prébﬂem C 1HVDIVES

s p



\ R ’ . ¥

il. I ‘( ' R ??‘ . o }':‘ \
s Alﬂngarnnpc computer ajpcgts, and. Prnblem D analvéq long—range N

novative tcach;ng u%pecta Tactics whi;h may be gQD%‘fﬁF éngxg¥

these cﬂtegaries may nDt be gﬁﬁd fur qnothpr! A full diELu%EiDn

\ 1

‘/‘must take into ﬂccount 411 of thcﬁe ?GSSibilitlEg;’ :i : f,
| intgnd to consider each of thése Qgtggarles seé;rafely; \
 th§ in terms of &urrprgsanﬁ sgafe erdeyelapment.and in‘te%ms,af
- l%he’difficultieg‘and preblems aSSQciatedwwith~¢hemi¥mIishallfalscf

'Pﬁint cut in. cprtaiﬁ ca%eq 1imltatjaﬂ§ bicught abgut by ﬁatuslng ioo

";n'heavily on Dne or the other agpect af thn%ferabillty . A

4

J -Short-range Campﬁjter AJECLS ‘ o S 5
4 Most Gf ‘the current wark ggncermlng/transferabi11ty falls .in
 this category. 'Prﬂbably the best examplé Qf a careful treatment

. of- the;prcbIEms in this area is seen in the activ;tles Qf CONDUIT

many others cases can be mentlaned f : . ‘ : \

.'- o %% ﬁﬂne "standard" gclutian to the pfahiémlaffsh@ftiraﬁge compu ter
S . ) L
I aspects is ta wr;te in a gtandardlzed fﬂrm Df the most cammmnly
”Qvailable languages, Thl% f@r example,Als the tacth;iaken by
éthc Cgmputers in thé ﬂndergraduate Sc:lence Currioculum in England
j{ o éncther pQSﬁlblilty LQELD prepare the matErikl in several c@mmanly

available languages. John Merrlll‘s Book, Camputers lD Physzcs,

uses both TFORTRAN and BASIC, and intraﬂuctcry Camputer Based

Mg;higi;s 11, available thr@ugh CDNDUIT presents;each prcgram in

K

EDRTRAN .BAsIC, a,nd APL-\_,‘ -

! . -i Twc dlfflcultzes present themgelves with rega rd t@ this Standird%

,Ianguage ippr@agh. zFlrst, very few ;anguagez have Effect;ve«standards;,
o ‘ - . e ) . \ . A o .

Perhaps the most standardized language is FORTRAN. Here, in addi- -

tion tD the ANCII standgrd a maré festficted Standard is a&ﬁilable

ggs deflned by a pr@gram E:hea:l{ing pf‘c:gram develaped at Bell Labcartarles
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o the .PFORT éﬁund&rd.. It iJ Lhia standard which 1s empl@yéd by
‘ CONDUIT for FORTRAN. Iff:t I'C)RTRAN program satigues PFORT and

i -

daas not run on a particular FORTRAN, that IQRTRAN is 11kg1y to. be

" &

rather paguliar . i e

' The standardixaLlon prgb]ems with BASIC are- LDHEldEribly more.

) t = Lo ] .
:goniused. 'Exlstlng BASICs, even from a 51Dg1D vendor, dlffer

réatly' Eucﬁ terms as ”ﬁﬁdndard BA IC " QP, more cammon]y,

"Dartmau th BASIC " nLthough Cxtrgmgly w1d;ly used turn out tD

have a]mﬂ%t no meanlﬂg-at all, Almost every BASIC r;fcr Lﬂ itself

ag ”D¢rtm@uLh EASIC " ye ~¢j the Dartmauth develapera pglnt @ut -

. - S

»almast no athgr BASIC 15 émmpgtiblg w;Lh current Dartmguth BASIC

! ‘ | -

For some years a QDmmlttEG‘his been -at w@rk on’'a %tandard fgr BASIC,
\ .

but this cammlttev has’ qgrced @nly on ‘an extremely minlmai Standard

-

L not cuvezjng many of. Lhe ieatures af BASIC in gamm@n use sucﬁ as

., g“ \

et string haﬁdling and fllé% 'CONDUIT haS'alsn gommigsianed studies

in this area,7and a gfaup on anland haa alsé devglopud such a

o minimal standal d .

APL 1nlt1a11y exhlbitad a much hlgher degree- Gf standardlzatlcnw

'Fé} a while thére was iny one APL, the IBM,program product. Almost

< ali the later APLs ha e included this-substantial pDrtiQn as a ) )
- _subsgt, S0 thl% 1n1t1a1 E@rm has gerved ‘as a de fact@ stdndard
i ] o,
' But beyﬂﬂd thls,lével APLD have begun to d;werge con51derab1y
I‘fﬂr‘i

. . Even on IBM equipment~ sevérali varlants are. .in .common useé, including
a privataly develéped v2151an - APL, PLUS. APL sygtems from @ther
vendars depart in Elgnlflﬁant ways from . .these IBM lmglcmentatlﬂns,

partlcularly with rugard to flle SY tems.
F 1 ’

These “language factars become even 1e5s satlsfactary W1th

regard t@ ease of transferablllty when we canﬁlder graphic capabllltegi
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Althouph Dne texminul is mast camm@nly d%cd (Tektrohix) other

’ terminals are in\use and Each demdnd différent grﬁkhig code.
. Several lncompdtible grqphig additloﬂ% to APL hgve been désigned;
| a committee is inv;stigating th@ pQ%&lbl]lf;;Gf gra hig additiaigf _
;.. to BASTC not yet 1mplEanLFd in mdst EYStﬁmig Beciuae I.ﬁéﬁéidefv%

\
[y

’graphlc capabi]gtle% to be extrém§1y impartim@ in computer -based
1ear ing materluls 11szL essential in m@&t areas gerhic Lrans=[
hﬁb@;tiblllty prﬁblems are %E?iaUé R ;g

: Ancther aspect comes in when can%idering atandald 1anguagea

FE

'%hé ineificiency.af the code. Thus, if we write APL-grwphic code

so it works on QVETybOdy 's APL; as does Tektrcnix this can*be

achieved but- Dnly at ‘the expense of same 1neffic1ancy This is
then a nantr1v1al ‘difference.: While thl% 1ne£11c1engy may nat be:

an important factorf%fathE'materlals are iny run with a few students,
L v f C

with usage in large: classes it can be disastrcus o
A\ . 7 : ,-'.
Far the 1nd1v1dud1 ‘who is Qancerned with: what ,will run on manyf

e

‘.chgr Lurrént Sysgme in relatively brief peri@ds of tlme, these
Ti%sues of languages Are Cértainly imp@;taﬁt;;[As the pfograms
gK

bec@me more and more ﬁegpcnglve to stud&nt needs 'and S0 m@re ﬂcm—

\

plex ‘and as théy resarﬁ\ta more and more exotic languages /éhe

B N
wafk a:&DQlatEd with mavi&g them to another system beﬂames greater;
It is 51gnlflcant thit the\grggrﬂms that CDNDUIT dlgtributgg thus

far are the Slm,ler materials. that have been developed

ot A But a %Qmpletaly different side to the questlen of ‘the use of
standard languaEEE aa a technllue for achievlng ccmpatablllty must

, be conaldered _An 1nd1v1dual pr?jéﬂt that decides in favor Qf a -

particular standird 11ngu1ge for all of its materials automatical ly

cuts cff somej often many, of the pedagog;cal apt;ons that are

i
\

f - - \ e
\\
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availﬂble to it; _

‘Thus, samecne writing in a BASIC that will be suppartable on.;’

a graat many’ ﬂifférent machinéa will EVGld the use of many string -
"igputs and 50 will not writé mALerials that invalv@ extensive.

input of thia kind even thaugh pedAngically dcglraE}l in- a ' ;

situ¢ticﬁ b21ng converted. Furthermare , a BASTG user SEEklng wide

transférabiltty for- 1earn1ng materials w111 &VDld Lhﬁ u%é Df flles
1““”*‘f“*'ﬁ? @verlay%ffsin;e these facilities are llkely tg diffgr frem ‘
system to system; thus the prégramscw1l1 be relatively short; !t
‘f-(the longer ptagrams thét exempllfy some of the mcstu%pterest;ng

# . ORI

material available.today. ' 'lfﬁ?*”“~ﬁ

I héve"in m; own perscnal experiencé, ﬁisitgd.a nuﬁtér of.
prggects of this type where -if one, réigggétté guestion éf "Why
don't you do so and sa?” the answér is typlcally an answer that
‘depends Qn featureg Qi the 1anguape rather than on pedagawzcal

.. . < choice. In these cases the d331re for transpﬂrtability is anv
;1mpart1nt limltlng factar in the quallty of the mater;&ls.

I want to summar1?e my views on this issue with a statistical

.*Statement a statement that dDeS nat necessar;lylaﬁply ta 1nd1v=‘

"idual pr@grams but is, I belteVE, appllcable in a general sense.
Again it Ehauld be LQﬁElderEd that I am looking at the Shﬂrt range
'galnt of VLEW and the ccmputer aspects iny Here is the statement

wh;gh I w1l1 call Bork's First Rule: = o

THE MGRE SYSTEMS THE CDM?UTER*BASED MATEEIALS CAN RUN ON,
S

THE LESS INTERESTING PEDAGDGICALLY THE MATERIALS ARE

!
A

o
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Short range InnovutiV@ Teaching Aspcets L - i )

Wwhether available materials

A Juat beciu%e mgtgrials .can ”run" at w given school is no '
guarantee that student% W111 see them Ln G]ﬂ%ses or have any atcess
to ?hem'at all, Facu]ty who know Lhat these materials are available
may choose not to employ them; many teacher&:whp gigg&luse them may
nagfeven knaw of th21v'exlsLence ’ ThE pr@bléﬁS'afe Siﬁilar‘té |

the dlfficulties that we find anera]]y when We mave a new tes:hihg

idea fram its crlginal developer te a’ mmmgl@tely unrclated env1rans

7 méﬁt: “Some’ 'ddltional prDbleﬂs 1ppear beaause the computer re- ...

: n/
sources avallable may be 1lm1ted further, aecauntlng.pr@ceduIES

or shartages of fac111tles ‘may make it diffigult for students tD‘

ki

access/the necessary c@mputer resauf;eg. V&ry few schcals have :

currently the resaurges for widespread utilization of the gamputer
in learnlng ,: - . R e ;

- ’ : _ o

Gne major pr@blem 1n t is area ig. that of 1nstrugtars learnlng

are sultable for th31r GGHTSE— or

#

‘whether they are rellable " The CDNDUIT review System Tecently

inltiated gives one mechanism for selv1ng Lhe problem of reliablllty

Materialg under GDDSLde ation, after a.- nrelim;nary screenlng,-ére-

i

sent out t@ several reviewers, so only muterials that are. tech—
nlcally sound and pedagsﬁlgally useful w11l be recammended CDNDUIT
advertlses the;r availabllity and serves as .a source, | Instructars
will stlll wnnt to lomk at the materials to see. th well théy flt

into their course structure. If prrnted materlals cantaln only a.

, few pragrams,vn@ particular problems are pr@sented@

1f the materials are interactive computer dialogs,’meaniﬂé

ccnve?satiéns with the tcomputer, the difffoulties can bé'greater;-

Because such materials are not easy to transport in the technical
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i'(gmmpuher) sénse, CDNDUIT dﬂﬁ& not as yét review them, ilthaugh
it is uunsidering the- problum.: Further while the inatrugtar ‘can

‘.ea&ily hrﬂwse thraugh QLHQQK uﬁﬁvr CQn%ldDritiDﬂ as a text, it is
much more difiicult to do this with a 1ang 1nd 1nvalv&d campuier
prdgram,‘gffériﬂg ﬁany dif ferent tracks for studentsi The d;sign

of some programs is more conducive: tc br@ws1ng than otherg para-

;chu]arly il some agpgct% of ]carner contral are present but in

genersl the 1nstruct?r has @Jlilculty examlning dlalcg materials.
] . L 5 ) v
- _ . Many of the prablem% 1y Lhia area oi shonrt- range 1nn@vat1ve

,feaching’aSpects are ph];tica] and sarlaloglcal needlng very

Q

different mechanl%mq to solve them than the\prablem% assoclated

with the camputer aspects Just dlscussed Oiten 1earn1nggmﬂterlals:

P
[

are puL on a partlculal system by the- camputer faclllty 1tself

under the asgumptlan that faculty and students w111 then flﬂck tc

use_them-
[
maierial‘ 1f the faculty m@mbers in a partlcular academlc area

were moth 1nvclved in advaﬂcﬁ jn‘the dec1s;on tD place the materlals

on the cgmputer ‘the chanaeg of w1despread use are markedly 1Dweri

"\

Our experience w;th Sendlng our materlals tQ other institutions
- with similir équlpment wher& the camputer aspegts of trangferh_:

.ability are much réduﬂgd shmws that 1t is almost essentlal

i

we'ar3\ta see any usef o invmlve téachers An the declslon t@ make

the di&l@gs available. - 7 _ ‘ | o
Qna interagtlng approach ta ease the types Df pr@blems Just
discus&@d is seen in-the CALEHEM project in Brltain ‘a chemistry
Rprﬂjéﬁt based primarily at LP@@S UanETSltY :Altha?gb mosst @f'ﬁhe?

dialaga are wrltten i two or QhrEE locations, abéﬁt a ddzéﬁ faculty

frmm cther 1nstitut1an5 are{fg;alved 1n the cammlttee runnlng the

L1 ) =
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' the most’ 1mpartant feature of modern cgmputeT techn@l@gy is the

' than current ones. All

futu;e.

—;‘9_' v P
praject ng a whole. Henge. chemiqt% from miy schools Ieel they
have SQme stake 1n the output. Thig tactic should easc theltransa

ferability to these new sités . o,

Much w@rk needs to be dane here “much Di 1t not palt;@ularly

unique to Lhe ccmpu{er Sftudtléﬂ We need to study in mare detai] '

the factﬂr% which inhibit the transfer of successful lnﬂOthlVE

i)

'1earﬁing ideas of all types, .including tha {63 1SSDGlatdeWth computers,

L@ng rango Computor Aﬁpﬂﬂt%

c A

W We ‘change tha fmcus fiam Shgrt range to 1Dng—rgnge aspects,,
the prab]ema ﬂnd ﬁrGSPEGtS beccme entlrely dliferént Past dis-
cus51ana hiVE oiten ignored these 1ang range 1Spects But from

the standpaint of, eVentual use of c@mputers in many dnfferent

1earn1ng situﬂtlcns, they are by far the m@gt 1mpartant ' SD the

developer Qf such praducts should bé very cancerned w1th these

Here we heed to look at- some hardware/saftware futures for

long- range aspects

c@mputer%, bé@ﬂﬂ%é that affects what is pQSSlblE Und@ubtedly

.

very rapld currEnt develcpmenﬁ cDmputers are becﬂmlng more. powerful

aﬂd less expen51vei. An 1mpartant ispEQt is the rlse af LSI and

*

related técﬁnﬁlmgiesi 1nﬂ1ud1ng new memory technlques. ‘These
develcpments %Uggezt very dlfierént camputer systemg for the future
\ . .

_our exlstlng 1earn1ng materlals we
B

IS

can- safely say, are runng
¥
this p@int Df view the

; on already obsalete machlnes From

'l,EStlDH @f transferrlng matEIl 1ls immediately

to machlne R becomes then less 1mpgrtant particularly fcr the

develaper Gf computer-based 1earnlng materlals who looks t@“the
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At least two different hardware futufcsifar'gompﬁtéra are

“being projected at the moment. One involves larger and'lﬂrger

networks so thaf'mér nnd more terminals are accessing thﬂ game - °

CPU or a graup Qf CPU& Dcnald E1Lzer Difactar ‘of the PLATG praject

has been sugg25ting rQ;FnLly tha ;Dnbtructlon of a millian terminal

1

nétt:\vrkZ with 200 1ntergannvcted CPU% and communicatlon Suppnrted by

satéhlites ‘The plegent ARPA net, and some of its commércjél off-

-

Shﬂéts, furnish another ex xample Df buCh posglble netwcrkjng )

u

A SECDﬂd future possi bllity glVFS an Ent1rely dlffer@nt v1ew
R i

A

of the Lamputer uriverse, “one that is d@mlnated'by-thevev01v1ng

:micrapracessar (and its 1ater débGEﬂdEﬂtE) bUL;t 1nta all devices_f

o

T@day 5 term1n41 would be tomorraw =] cmmputer Such gtlnd*alone

Eystemg c@uld functlgn by themselvesr with IulI compu&ing gapabllltles

4

" without EDﬂﬂECtan to a 1a£%e central cgmputer although.thay'mlght

DGCaSlDﬂally aonnect to another cgmputer for. su;h spec;allzed

purposes as massive calculatlcns or ac32551ﬂg a. rapldly changlng

'centrallzed databa%e - As thegg systems would functlcn prlmarlly

stand alane- they would not be lelted tg current cammunimatloﬂ

: Epeeds and go cauld dD things such ES'full anlmatlcn which are

impgss;ble iﬂ a communlcatlon 11m1ted env;ronment cher aspectsi

:E\“
of mbdefn technology, such as the home videodisc system, mlght;

D

become impgitant'campﬂnents of such systems. *
We dD ‘need fo worry about uffective dellvery systems that
allcw us to carry out a11 the functlcns that a modern teaﬂhing

system will ﬂeed Such a system should have full muitlmedia cap-

ablllty, cglar h1gh Speed graph;cs and at least EUdlD @utput

{
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No matter.- which ‘future we logk at, @ne-fact is clear; future

systems will caét,mugh less than current Systems cost. Projections

_lgdlcate that, becau%% of our increasing capabilities with computer

e

-

gechnclégy, computer costs w111 continue to decline aver a l@ng

s

: . i N / .
deriod of time. Hence, we can expect the computer systems of the
foture, for education and otherwise, to be cheaper and cheaper.
This leads me then to Bork's Second Rule:

53 N -
WHEN WE CONSTDER THE LONG-RANGE POINT OF VIEW, NO COMPUTER

ASPECTS OF TRANSFERABILITY ARE IMPORTANT. g

That is the: technology itself, with its ever-increasing effective-
ness, will obviate the problems of transferability. If the massive
networking systemshappens, then of course the programs will be .
\ : . .
LN .
ilabl on any one of the millign terminals.
- S i }i‘ -
systems become extlremely widespread and dDmlnaB'
“than current computers, the materials can be writdten for such
¢ WldEly avallable syslam. Furthermore, Lhe gua;lblllt e of micro-

) AP ; . , ‘ :
programmability wnd lucspeuslye CPUs mean that even code wrltten

for different machlne. uway bt atle Lo ruﬁi@n a varliety of machiunca

. T . L. s = } ;
A single machine vould have CrlUs llmLLh]D the r1ustitution's selas

i e
" -, =

of different computers or could emulit& 1o wickpcode a wide varleaty

i

As materials are luga..oved, aod thuoe 1. Ereale:s natlonal demand,
_stronger emphasis wili Le diircored towards making them more avalil-
able. Hence, marheting ot cumputer-based materials will also ald

in solving problems of long ;gﬁge transportability.

[



So the massive problens of transferability which appear /

1

with regard ta the technical aspectg when we: examlne the short-

range all vaﬂlsh in the long-raige. From &a 1ang ranée point of

view we do not need to put .large efforts in this direction exceptl
= \ i

ta‘insure'the'type of hardware that will make the transferability

e

possible. | , B
A corollary, basedrcn‘thé first '"rule," is that many things
prepared with shart?ranée computer transferability in mind will seen
t@D!fésiriEtéd to survive fariiﬁtc the future. Only .the best current

m

materials, using as wide a range of capabilities as possibl

1iké1y to be’ usable in tbrdlht@nt future.

To my mind this categgry presents Some of the most interesting

problems. Unlike some of the other categories, it is not entirely
>
independent of what has gonegbefore. Some of th& techniques in-

W

volved in déaling with shurt-range teaching aspects also will b
m“usefnlrin dealing with tﬂe more long~range ones, particularly those

which ipvélvé the polttical and Sueigiggiual problems of widespread
computer use. - |

The question »f bL.w tbhese fulure mate: lals should be marketéd
is verf important. Aé already indicated, most current materials
are producced o o« ““gt%aéb 1ndﬁ§tr§“ format we need Lo develop

}

much more careful piroductlon and marheting facllities, including
the prgvisign of 10yalties as an tncentlive to authors. 1t will be
expect&d that cohmerclial distribuation methods wiil be vital, just
as they aré forr bouks and ovlher learning materials

“Any consideration of this aspect needs to W@ffy.alsﬂ about the

.. develo plent of new types of course, ones made possible by the

%o
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existonce of the computer. It also needs to consider new modes
where the formal school is replaced by other mech-

. of education,
such as the Open University in Britain or through extensions

anisms
in the public libraries or homes.

From the long-range p we can expect the computer

nint of view

o~

but will contribute to a

will not be a passive teaching device,
vital restructuring of our educational system. . :
. :fl‘;“.
£ / j :
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